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Abstract 
The university dormitory is a typical indoor environment. The ventilation rate is a significant factor for indoor air quality in the 
dormitory. The objectives of this study are to determine whether the ventilation rate in the dormitory in winter meet indoor air 
quality standard or not, and understand the effect of window orientation, storey and time on the ventilation rate. In this study, the 
university student act as CO2 emission source; indoor and outdoor CO2 concentrations were measured in the same time. During 
the sampling, the size of the dormitory, number of people and their activity were recorded. The ventilation rates of dormitories in 
university were calculated by the least square method according to indoor and outdoor CO2 concentrations. The results showed 
that the door or window is open can increase the ventilation rates, but the effect is limited; totally speaking, the ventilation is very 
inadequate in dormitories in winter, and it is difficult to meet indoor air quality standard. The window orientation, storey and day 
and night can affect the ventilation rate. We should study it further to improve the ventilation of dormitories.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
The ventilation rate is one of key important factors of affecting indoor air quality [1]. Reasonable airflow 
organization and high quality fresh air are conducive to reduce indoor pollutant concentrations [2]. The insufficient 
ventilation rate can affect the health and learning efficiency of the university students. If the ventilation is sufficient, 
indoor CO2 concentration will decrease although CO2 itself is not an indoor air pollutant. Indoor CO2 concentration 
below 800ppm can repress sick building syndrome. 
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4-8 people live in the university dormitory, the residential density is high; moreover, the university students are 
the emission source of indoor CO2. The method with human body as emission source of CO2 has been proved to be  
a suitable for the ventilation rate measurement [3,4,5,6] measured the ventilation rate using the above method in 
apartment of university in summer. The ventilation rates of classrooms were measured in five naturally ventilated 
schools in urban and rural areas in Serbia during the heating season [7]. However, these studies don’t take into 
consideration the effect factors on the ventilation rate. The purposes of this study are to measure the ventilation rate 
in dormitories in winter, and determine the effect factors on the ventilation rate of dormitories.  
2. Methods 
Indoor CO2 concentrations were measured in 9 dormitories of building No.2, No.4 and No.5 in a university 
winter (January, 2015) in this study. The area and height of dormitory were recorded during the measurement. The 
volume of dormitory is 55.9m3. The status of door, window, and air-conditioning, window orientation, human 
number and activity were also recorded. The details of sample characteristic can be seen in Table 1.  
This study uses human as indoor CO2 emission source, indoor CO2 concentrations were measured by the 
environmental measurement self-recording instrument (HCZY-1, produced by Tianjianhuayi Technology 
Development Co. Ltd. in Beijing, China). The accuracy of instrument is ±75ppm, the measurement range is 0-
5000ppm. The instrument was put in the middle of room, and the height is 1.5m. The concentration was recorded 
once every 5 minutes. Outdoor CO2 concentration was measured by the same instrument simultaneously. 
Table 1. Characteristics of tested dormitories.  
Dormitory 
Window orientation a Working 
condition 
Human number 
during 
measurement 
b Human activity during measurement Sex 
North South 
123 √  D 1 ĉ Female 
124  √ D 1 ĉ 
413a √  D 3 ĉ 
413b √  D 4 ĉ, ċ 
413c √  D 4 ĉ 
413d √  B 3 ĉ, Ċ 
412a  √ B 3 ĉ, ċ 
412b  √ B 2 ċ 
412c  √ B 2 ĉ 
628a  √ B 2 Č 
628b  √ D 2 ĉ, Ċ 
628c  √ D 2 ĉ 
628d  √ D 2 ĉ 
628e  √ D 2 Ċ, ċ 
629 √  D 3 ĉ 
911a √  D 4 ĉ, ċ Male 
911b √  D 4 Ċ, ċ 
911c √  D 4 ĉ 
912  √ D 4 ĉ 
a: A=door or window open, air-conditioning on; B=door or window open, air-conditioning off; C=door or window closed, air-conditioning on; 
D=door or window closed, air-conditioning off. 
b:ĉ=sleeping, Ċ=laying, ċ=sitting, Č=walking. 
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The mass balance equation of CO2 indoors and outdoors can be seen in formula 1. 
( )out
dCV nS Q C C
dt
                                                                                                                                          (1) 
                                                                                                                                                                                                
Where C is indoor CO2 concentration (ppm); Cout is outdoor CO2 concentration (ppm); Q is the ventilation rate 
(m3/h); t is the time (min); n is the human number; S is the CO2 emission rate of human (mL/(min·person)); V is the 
room volume (m3).  
According to ASTM standard [10], the CO2 emission rate of human can be calculated by formula 2. That is: 
2O
S V RQ u                                                                                                                                                          (2)
   Where Vo2 is the oxygen consumption rate (mL/(min·person)); RQ represents the respiratory coefficient (the respiratory coefficient is equal to 0.83 in the light activity or sedentary status for a medium-size man). 
Oxygen consumption rate can be calculated as follows: 
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Where AD is Dubois surface area (m2) (AD is 1.8m2 for the male university student [8], and AD is 1.6m2 for the 
female university student[9]; M varies from different actives of people, the supersession rate of an adult who is 
seated or reading or writing is 1.0 [10], thus Smale=310.2mL/(min·person), Sfemale=275.4mL/(min·person). 
3. Results and discussion 
The ventilation rates were calculated using the least square method by SCIENTIST software. The calculation 
results in winter can be seen in Table 2. The average of all the ventilation rates in dormitories is 43.6m3/h, the range 
is 7.01m3/h-218m3/h. The average of the ventilation rates in the working condition B is 103m3/h, the range is 
62.9m3/h-218m3/h. The average of the ventilation rates in the working condition D is 22.1m3/h, the range is 
7.01m3/h-34.7m3/h.  
Table 2. The ventilation rates in dormitories in winter. 
Dormitory Measurement time Working condition Q, m3/h 
123 02:17-3:47 D 20.0±0.01 
124 00:06-2:01 D 24.6±0.01 
413a 14:02-15:57 D 15.6±0.003 
413b 16:32-17:47 D 7.01±0.006 
413c 0:27-08:27 D 24.0±0.001 
413d 13:49-15:14 B 99.4±0.01 
412a 14:01-16:01 B 62.9±0.01 
412b 18:31-23:26 B 69.1±0.03 
412c 23:36-07:16 B 69.8±0.01 
628a 11:54-13:09 B 218±0.4 
628b 07:24-11:49 D 19.7±0.004 
628c 03:34-07:14 D 25.4±0.001 
628d 0:29-03:39 D 27.7±0.002 
628e 22:44-00:24 D 33.9±0.01 
629 00:50-11:30 D 14.7±0.005 
746   Lining Liu et al. /  Procedia Engineering  121 ( 2015 )  743 – 748 
911a 01:01-02:31 D 20.6±0.003 
911b 23:01-00:56 D 9.86±0.01 
911c 02:36-08:56 D 32.1±0.01 
912 23:03-09:08 D 34.7±0.02 
Working condition: A=window open, air-conditioning on; B=window open, air-conditioning off; C=window closed, air-conditioning on; 
D=window closed, air-conditioning off. 
According to indoor air quality standard, the ventilation rate per people is 30m3/h in apartment [11]. The 
ventilation rate should be more than 120m3/h in the four person dormitory. However, 91.3% can’t meet the national 
air quality standards. Only the ventilation rate of dormitory 628 in the working condition B is more than 120m3/h. 
Therefore, although the open door or window can increase the ventilation rate of the dormitories, even meet the 
standard occasionally, the ventilation is much insufficient in winter in the university dormitories.  
The window orientation can be one of effect factors on the ventilation rate in dormitories in winter. Figure 1 is 
the comparison result of the ventilation rate of different window orientations in the same storey dormitories. The 
ventilation rate of the dormitory that the window orientation is south is 1.08-1.34 times of the window orientation is 
south when working condition D. 
 
Fig. 1. The ventilation rate of different window orientations in winter. 
The storey can affect the ventilation rate. This effect can be seen in Figure 2 and Figure 3. For the window facing 
north, the maximum is 1.6 times of the minimum in Figure 2; for the window facing south, the maximum is the 1.4 
times of the minimum in Figure 3. The effect on the ventilation rate for the window facing north is a little stronger 
than for the window facing south.  
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         Fig. 2. The ventilation rate of different storey dormitory                              Fig. 3. The ventilation rate of different storey dormitory 
                              for window facing north.                                                                                  for window facing south. 
 
The ventilation rates in the dormitories are different in the different measurement time. In the working condition 
B, the ventilation rate at night is 1.1 times of in the daytime in the dormitory 412. In the working condition D, the 
ventilation rate at night is 1.5-3.4 times of in the daytime in the dormitory 413 and that is 1.3-1.7 times in the 
dormitory 628. The ventilation rate at night is more than in the daytime, the reason may be the temperature 
difference between in the daytime and at night.  
4. Conclusions 
The main conclusions are as follows: 
(1) The ventilation rates in dormitories can meet the standard occasionally in the working condition B in winter in 
this study, but the ventilation rates are much less than the standard in the most cases. So the ventilation is very 
inadequate in dormitories in winter. 
(2) The door or window is open is important effect factors on the ventilation rates. The ventilation rate of facing 
north dormitory is more than facing south dormitory; the storey is higher, the ventilation rate is more; the 
ventilation rate at night is more than in the daytime. 
(3) The ventilation rate is a key factor for the health and study efficiency of the university students. Therefore, we 
should study this point further to improve the ventilation of dormitories.  
Acknowledgements 
This project was sponsored by the fund of Beijing Municipal Commission of Education (KM201410016014), 
the science research fund of Beijing University of Civil Engineering and Architecture (No.331613017), and the 
education science fund of Beijing University of Civil Engineering and Architecture (Y12-10).  
References 
 [1] O.A. Seppänen, W.J. Fisk, M.J. Mendell, Association of ventilation rates and CO2 concentrations with health and other responses in 
commercial and institutional buildings, J. Indoor Air. 9 (1999) 226-252. 
[2] J.Y. Chen, B.C. Ye, C. Xie, Experimental Study on the Relationship of Indoor Air Quality and ventilation rate, Refrigeration and Air 
Conditioning. 6 (2008) 24-28. (In Chinese) 
[3] P.Š. Ing, Experimental Evaluation of Ventilation in Dwellings by Tracer Gas CO2. Ph.D. thesis, Czech Technical University, Prague, 2011, 
24-32, 70-82 Pages. 
[4] H. Yoshino, Experimental study of the multi-zonal airflow measurement method using human expiration, J. Environ Engineer (Transaction of 
AIJ). 652 (2010) 499-508. 
748   Lining Liu et al. /  Procedia Engineering  121 ( 2015 )  743 – 748 
[5] M.W. Qi, X.F. Li, H. Huang, Discussion on measuring ventilation rates of dorms through tracer gas method with human body as CO2 release 
source, J. Build, Sci. 6 (2013) 52-57, 78. (In Chinese) 
[6] H.R. Li, X.F. Li, M.W. Qi, H. Huang, Field testing on natural ventilation in a dormitory in Beijing in summer, J. Build, Sci. 4 (2013) 20-25.  
[7] T. Valentina, V. Biljana, J. Marina, M. Nikola, L. Ivan, Indoor CO2 measurements in Serbian schools and ventilation rate calculation, J. 
Energy. 77 (2014) 290-296. 
[8] Z.Q. Chen, Comparative analysis, 4 calculating method for human body surface area, Chinese. J. Sports Medici. 6 (2003) 576-581. (In 
Chinese) 
[9] G.Y. Wu, Comparative study of calculation method of the surface area for female adult, Chinese. J. Sports Medici. 5 (2008) 614-615. (In 
Chinese) 
[10] ASTM D6245-98, Guide for using Carbon Dioxide Concentrations to Evaluate Indoor Air Quality and Ventilation. 
[11] MOUHRD of the PRC, GB/T 18883-2002, Indoor Air Quality Standard, China, 2002.  
